Introduction
In earlier papersl"'23 we have explored some characteristics of longitudinal motion in intense ion beams. In references 1 and 2, longitudinal motion in bunched beams with "space charge" forces is studied analytically and in reference 3 longitudinal motion in coasting and bunched beams with "space charge" and "resistive wall" forces is explored analytically and numerically.
In reference 3, we find that the "space charge" force causes wave propagation of disturbances in an equilibrium distribution and that a resistive force can cause unstable growth of these disturbances. In this paper we extend our discussion of this wave instability and note characteristics of the "wave reflection" which occurs when these disturbances reach the ends of a beam bunch.
"Soliton" formation is observed in reflection, as described below.
Equations of Motion
We choose the longitudinal position within the bunch z and the distance along the accelerator s as our dependent and independent variables. We assume, To demonstrate the coasting beam instability, we start with an initial distribution f (z,z') = N' 6(z') where N' is the initial ion density and the velocity distribution is taken as a 6-function to approximate the low velocity spread case of an ICF driver.
We take a perturbation:
and solve the linearized Vlasov equation for w(k), obtaining
When Ak >> B, as is true for HIF linacs, we find: 
Velocity Wave Formation
In simulations with resistance, an interesting phenomenon can occur when a large perturbation is reflected off the bunch end.
The return wave is changed in character from the initial wave and changes the average energy of the bunch. In Figure 3A we show a phase space distribution from a numerical simulation showing this characteristic wave form.
Similar behavior can be seen in a simple coasting beam model in which we collapse the velocity distribution to delta functions as in section 1.
The distribution is f(z,z') = Xo 6 (Z') f(z,z') = Xi 6 (z'+Vo) z >zO+vws z <z O+Vws This has a "velocity" wave propagating with speed Vw and with amplitude Vo, as shown in Figure 3B .
This ansatz must be self-consistent, which means:
1) The particle flux entering the wave front must equal the particle flux leaving the wave front: vW =VAX This is the same wave velocity obtained above for a harmonic wave, except that Xo is replaced by Xl. This treatment is for a forward-going "fast" wave; a similar "slow" wave can be formed by changing the sign of V and following the self consistent conditions.
The above description is valid for coasting beam, zero resistance motion. Maschke5 has also noted that similar waves may appear in those conditions and calls these waves "solitons". 
where we have stretched the discontinuity of figure 3B
Our simulations show that these "solitons" can appear spontaneously in bunched beam with finite resistance when disturbances are reflected off the bunch ends.
Their behavior is in agreement with the coasting beam constraints.
Analysis of stability in this characteristic wave propagation mode is important in determining longitudinal stability. Numerical simulation so far indicates that the returning "fast" soliton does not decay as predicted for harmonic waves above.
Further numerical and analytic study is necessary.
